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Introduction  
This is the second report on water quality of Ninety Six National Historic Site (NISI) generated 
by the Cumberland-Piedmont Network (CUPN) Water Quality Monitoring Program (contact the 
CUPN office for details on program design). The first report, submitted to the park in February 
2005, presented the initial results of the water quality inventory, beginning in January 2004. This 
report will include those early findings as well as data gathered in fiscal year 2006 and display 
these results in graphic form (accompanied with a brief interpretation), and concludes with a 
water quality summary and recommendations. Water quality is measured four times per year 
(quarterly) on alternate years at four sites; Star Fort Lake, Tolbert Branch, and the East and West 
boundary crossings of Henley Creek. Unfortunately due to data inconsistency, information from 
Star Fort Lake is not included in this report.  
 
Based upon program requirements and findings of the water quality inventory, a set of 
parameters were chosen for long-term monitoring; including the field measures of water 
temperature, specific conductance, pH, and dissolved oxygen. Samples were also collected for 
laboratory analysis for bacteria (E. coli and total coliform) and acid neutralizing capacity. An 
additional sample was collected from one site per round as a quality assurance – quality control 
provision.  
 
Sampling Sites 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1. Map of water quality sampling sites at NISI  
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Description of Sampling Sites 

 
Henley Creek, East Boundary (EBHC) 
Located along the southern edge of the park, Ninety Six Creek is the largest stream in the park 
and sampled as the stream exits the park to the east.  
 
Star Fort Lake (STFL) 
This ten-hectare lake is located in the northeastern portion of the park. This site is sampled at the 
outlet of the lake’s discharge pipe.  
 
Tolbert Branch (WBTB) 
A tributary of Ninety-Six Creek, Tolbert is sampled as it enters the park at the western boundary.  
 
Henley Creek, West Boundary (WBHC) 
A tributary to Ninety-Six Creek is sampled as it enters the park along the western boundary.  
 
Stream Designated Uses 
 
Each water body sampled within the CUPN has either been assigned a designated use by the 
state, or, by using the same ranking criteria, by this author. The USEPA, besides mandating these 
rankings, also directed the states to develop water quality standards for each designated use. We 
can use these water quality standards as a minimum to track water quality trends in CUPN parks. 
By adapting the state standards, we can also track park water quality trends within the states, 
regions, or watersheds. New NPS nationwide GPRA goals are now tied to state water quality 
standards and designated uses. For more information on South Carolina water quality standards, 
please see: 
 
South Carolina: Water Classifications and Standards (R.61-68) Classified Waters  
(R.61-69). 
 
Table 1. The table below shows that only Henley Creek is officially listed. Other water bodies of 
NISI were “listed” (those sites in red text) by the author using the same criteria used by the state. 
 
Park Code Site State Designated Use 
NISI WBHC West Boundary Henley Creek SC Freshwater 
NISI EBHC East Boundary Henley Creek SC Freshwater 
NISI WBTB West Boundary Tolbert Branch SC Freshwater 
NISI STFL Star Fort Lake SC Freshwater 
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Results  

 
Quarterly sampling commenced in April 2004 and continued until January 2005. Regular FY04 
sampling schedule was postponed one quarter (and thus extended one quarter into FY05) due to 
an injury of Mr. McAninch. After a ten-month hiatus four more rounds were collected between 
October 2005 and July 2006, for a total of 8 sampling events.  
 
Water quality results are displayed in time series graphs showing all data for each site for a given 
parameter. The data gap in the center of the graph is caused by the planned one-year pause in 
sampling. As the Water Quality Program continues, trends may emerge from these time series 
graphs. It is anticipated that there will be enough data by the end of the next sampling round 
(September 2008) for statistical trend analysis. 
 
If state standards exist for a particular parameter they will be displayed. In addition, in a cursory 
attempt to show an element of data error, each plot is assigned error bars, representing the 
minimum potential error associated with the measurement.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Water Temperature 
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Water temperatures of NISI are considered to be within range to support native aquatic life. The 
quarterly sampling shows a course seasonal temperature signature, with the coldest temperatures 
associated with the January sample and the highest with the July sample. The maximum 
allowable freshwater temperature for a South Carolina stream is 32.2 oC, or more than 2.8 oC 
above natural conditions.  
 

 
Figure 2. Water Temperature at NISI
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Specific Conductance 
 
The distribution of specific conductance (SpC) of NISI is reflective of moderate ionic-strength 
waters. In general, the more dissolved ions in the water, the higher the SpC. There is an overall 
decrease in park-wide SpC during the FY06 sampling year. This may be due to generally higher 
flow conditions when compared to the FY04 effort. It is common that higher flow corresponds to 
low ionic strength as the water is somewhat diluted. There is no SpC standard for South 
Carolina. 
 

 
Figure 3. Specific Conductance at NISI
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pH 
 
Waters of NIS range from slightly acidic to moderately basic. South Carolina freshwater 
standards set pH limits between 6.0 and 8.5 SU. It is likely that the low pH readings for the 
January 2005 sample at West Boundary Tolbert Creek (WBTB) is due to equipment/operator 
error. This possibility is given credibility when the QA/QC pH values are reviewed. The WBTB 
site was sampled twice during the January round and there is a 0.6 SU difference between the 
two – beyond acceptable quality tolerance.  
 

 
Figure 4. pH levels at NISI
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Dissolved Oxygen 
 
All waters monitored at NISI are saturated with oxygen. Even when dipping into the 6 mg/l 
range, these waters are capable of supporting aquatic life. State standards require freshwaters to 
contain at least 4.0 mg/l oxygen. The DO sensor malfunctioned during the July 2004 sampling 
event and data were not recorded.  
 

 
Figure 5. Dissolved Oxygen levels at NISI
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Acid Neutralizing Capacity 
 
Low Acid Neutralizing Capacity (ANC) levels make waters more susceptible to acid 
precipitation as there are limited amounts of bicarbonates available to counter additional acids. In 
general ANC values at NISI are sufficient to buffer additional acids and should not be greatly 
influenced by acid precipitation. There were no ANC data collected during the October 2005 
road due to an equipment failure. 
 

 
Figure 6. Acid Neutralizing Capacity at NISI
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 Bacteria 
 
Unfortunately the graph below is confusing. Fecal coliform bacteria were measured during the 
first round of sampling, while total coliform and Escherichia coli were used in the second round. 
All three bacteria are members of the coliform group and are found in the gastrointestinal track 
of warm-blooded animals; E. coli is the most common member of fecal coliform, and fecal 
coliform a subset of total coliform. While E. coli is a more reliable test of fecal contamination, 
there is no current state standard. The South Carolina standard for Freshwaters for fecal coliform 
is a geometric mean of 200 colonies/100 ml of not less than 5 consecutive samples taken within a 
30 day period, nor should more than 10% of the total samples during any 30 day period exceed 
400/100 ml.  
 
In general, coliform bacteria levels at NISI are low to moderate. The likely bacteria source is 
animal waste – both livestock and wildlife.  
 

 
Figure 7. Bacteria at NISI
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General Water Quality Status 
 
For the most part, water quality of the three sites sampled at NISI is good. There are no 
violations of water quality standards within designated use categories. Although it may appear 
that bacteria levels at times exceed state limits, the sampling frequency to express this 
recreational standard is not part of the long-term sampling program. 
 
Special attention will be given during the next scheduled sampling round to assure quality 
samples are taken at the Star Fort site. It is probable that with the addition of high-quality data 
that a portion of the existing dataset can be used. 
 
 
Future Water Quality Monitoring Recommendations 
 
The CUPN is required in accord with the national water quality program to monitor water 
temperature, specific conductance, pH, and dissolved oxygen. This group of parameters should 
be sufficient to monitor the general water quality of NISI. 
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